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(54) Method of transferring a laminate and method of manufacturing a semiconductor device 



(57) An object of the present invention is to provide 
a method of transferring an object to be peeled onto a 
transferring member in a short time without imparting 
damage to the object to be peeled within a laminate. Al- 
so, another object of the present invention is to provide 
a method of manufacturing a semiconductor device in 
which a semiconductor element manufactured on a sub- 
strate is transferred onto a transferring member, typical- 



ly, a plastic substrate. The methods are characterized 
by including: forming a peeling layer (11) and an object 
(1 3) to be peeled on a substrate (1 0); bonding the object 
to be peeled and a support through a two-sided tape; 
peeling the object to be peeled from the peeling layer 
by using a physical method, and then bonding the object 
to be peeled onto a transferring member; and peeling 
the support and the two-sided tape from the object to be 
peeled. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] The present Invention relates to a method of 
transferring a laminate. In addition, the present inven- 
tion relates to a method of manufacturing a semicon- 
ductor device having a circuit structured by semlconduc- io 
tor elements, typically thin film transistors, in which an 
object to be peeled that contains the semiconductor el- 
ements is transferred to a substrate. For example, the 
present invention relates to an electro-optical device, 
typically a liquid crystal module, a light emitting device, is 
typically an EL module, or an electronic device in which 
such a device is mounted as parts thereof. 

2. Description of the Related Art 

20 

[0002] In recent years the focus has been on tech- 
niques of structuring thin film transistors by using sem- 
iconductor layers (having a thickness on the order of 
several nm to several hundreds of nm) formed on a sub- 
strate having an insulating surface. The thin film transis- 25 
tors are widely employed in electronic devices such as 
ICs and electro-optical devices, and in particular, the de- 
velopment of thin film transistors as switching elements 
of image display devices has been accelerating. 
[0003] Many different kinds of applications that utilize 30 
this type of image display device have been anticipated, 
and the application to portable devices particulariy has 
taken center stage. Devices that are lightweight, resist- 
ant to impact, and able to withstand some amount of 
deformation are expected. Glass and quartz are often 35 
used in thin film transistor substrates at present, and 
these substrates have disadvantages in that they are 
heavy and they easily break. Further, it is difficult to 
make large-size glass and quartz substrates, and there- 
fore they are unsurted to thin film transistor substrates 40 
from the viewpoint of mass production. Trials have con- 
sequently been perfomned for forming thin film transis- 
tors on lightweight, durable plastic substrates, typically 
substrates having flexibility such as plastic films. 
[0004] However, the present situation is that plastic 45 
has a low heat resistance, and therefore the maximum 
process temperature for forming the thin film transistors 
must be lowered. As a result, thin film transistors cannot 
be formed having electrical characteristics that are as 
good as those of thin film transistors formed on sub- 50 
strates having relatively high heat resistance, such as 
glass substrates, and quartz substrates. 
[0005] On the other hand, peeling methods for peeling 
an object to be peeled, which exists on a substrate 
through a separation layer, from the substrate have al- ss 
ready been proposed. For example, the techniques dis- 
cussed In JP 10-125929 A (pages 4 to 10) and JP 
10-125931 A (pages 6 to 10) are ones in which a sepa- 



ration layer made from amorphous silicon (or crystalline 
silicon) is formed, and air gaps are made to develop 
within the amorphous silicon (or the crystalline silicon) 
by passing laser light through a substrate and emitting 
hydrogen contained in the amorphous silicon. The sub- 
strate is then peeled from the object to be peeled. 
[0006] In addition, processes similar to the techniques 
of JP 10-125929 A and JP 10-125931 A are reported in 
JP 2002-217391 A (pages 3 to 6. FIG. 9) for: forming a 
separation layer made from amorphous silicon (or crys- 
talline silicon); forming a second substrate (temporary 
transferring member) on a surface of an object to be 
peeled (stated as layer to be peeled in the official ga- 
zette, typically indicating a thin film transistor) by using 
a water-soluble temporary adhesive layer; irradiating la- 
ser light to a separation interiayer insulating film through 
the substrate; peeling a first substrate (glass substrate) 
from the objet to be peeled, and transferring the object 
to be peeled onto a third substrate (film); immersing the 
third substrate within water, and dissolving the water- 
soluble temporary adhesive layer; and peeling the ob- 
ject to be peeled from the second substrate, thus expos- 
ing the surface of the object to be peeled. 
[0007] However, it is essential to use a substrate hav- 
ing good light transmitting characteristics with the meth- 
ods disclosed in JP 10-125929 A and JP 10-125931 A. 
and therefore there is a problem in that the substrates 
capable of being used are limited. Further, a relatively 
high-power laser light irradiation is necessary in order 
to impart an energy sufficient to pass through the sub- 
strate and cause hydrogen contained in the amorphous 
silicon to be emitted, and therefore there is a problem 
in that the laser light may damage the object to be 
peeled. 

[0008] Further, if high-temperature heat treatment is 
performed in an element manufacturing process when 
manufacturing elements on the separation layer by the 
aforementioned methods, hydrogen contained in the 
separation layer diffuses and is reduced, and there is a 
concern that peeling cannot be sufficiently performed 
even if laser light is irradiated to the separation layer. 
[0009] In addition, the transferring member is fixed to 
the surface of the object to be peeled using a curing ad- 
hesive, and therefore the surface of the object to be 
peeled, for example, the surface of the thin film transis- 
tor, specifically wirings or pixel electrodes are not ex- 
posed when peeling the substrate from the object to be 
peeled, and therefore it is difficult to measure the char- 
acteristics of the object to be peeled after peeling off the 
substrate. For cases of manufacturing a liquid crystal 
display device or a light emitting device using an object 
to be peeled with this type of structure, the structure be- 
comes one in which a plurality of substrates are bonded 
to one another, and the thickness of the liquid crystal 
display device or the light emitting device becomes larg- 
er, and there is a problem in that electronic devices can- 
not be made smaller when using the liquid crystal dis- 
play device or the light emitting device. Further, there is 
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a problem in that projection light from a backlight in a 
liquid crystal display device, and light emitted from light 
emitting elements in a light emitting device each cannot 
be effectively taken out. 

[0010] The object to be peeled and the second sub- 
strate are bonded by a water soluble adhesive In the 
invention disclosed In JP 2002-217391 A, but the sur- 
face area of the water soluble adhesive that is exposed 
to water is small in actuality, and therefore there is a 
problem In that peeling of the second substrate takes 
time. 

[0011] In addressing this problem, it is possible to 
shorten the peeling time by removing a portion of the 
second substrate and exposing a much larger surface 
area of the temporary adhesive layer. The second sut>- 
strate is disposable in this case, but there is a problem 
in that costs will increase when using expensive mate- 
rials such as quartz glass, or rare materials in the sec- 
ond substrate. 

[0012] In addition, if an organic resin is used in an in- 
terlayer insulating film of the thin film transistor, which 
is the object to be peeled, there is a problem in that the 
volume of the Interlayer Insulating film expands and the 
film deforms because organic resins tend to absorb 
moisture, and thin film transistor wirings will peel off. 

SUMMARY OF THE INVENTION 

[0013] The present invention has been made in view 
of the above-mentioned problems, and an object of the 
present invention is to provide a method of bonding onto 
a transferring member an object to be peeled, which Is 
peeled from a substrate in a short time without damage 
being imparted to the object to be peeled within a lami- 
nate. 

[0014] According to the present invention, there is 
provided a method of transferring a laminate Including: 
forming a peeling layer and an object to be peeled on a 
substrate; bonding the object to be peeled and a support 
through a peelable adhesive medium; peeling the object 
to be peeled from the peeling layer by using physical 
means, and then bonding the object to be peeled onto 
a transferring member; and peeling the support and a 
two-sided tape from the object to be peeled. 
[0015] Further, according to the present Invention, 
there is provided a method of transferring a laminate in- 
cluding: forming a peeling layer and an object to be 
peeled on a substrate; bonding the object to be peeled 
and a support through a peelable adhesive medium; 
peeling the object to be peeled from the peeling layer 
by using physical means, and then bonding one side of 
the object to be peeled onto a first transferring member; 
peeling the support and the peelable adhesive medium 
from the object to be peeled; and bonding the other side 
of the object to be peeled to a second transferring mem- 
ber. 

[0016] Further, according to the present invention, 
there is provided a method of manufacturing a semicon- 



ductor device including: forming a peeling layer and an 
object to be peeled including a semiconductor element 
on a substrate; bonding the object to be peeled and a 
support through a peelable adhesive medium; peeling 

5 the object to be peeled from the peeling layer by physical 
means, and then bonding the object to be peeled onto 
a transferring member; and peeling the support and the 
peelable adhesive medium from the object to be peeled. 
[0017] Further, according to the present invention, 

10 there Is provided a method of manufacturing a semicon- 
ductor device including: forming a peeling layer and an 
object to be peeled on a substrate; bonding the object 
to be peeled and a support, through a peelable adhesive 
medium; peeling the object to be peeled from the peel- 

15 ing layer by physical means, and then bonding one side 
of the object to be peeled onto a first transferring mem- 
ber; peeling the support and the peelable adhesive me- 
dium from the object to be peeled; and bonding a second 
transferring member to the other side of the object to be 

20 peeled. 

[0018] Further, a semiconductor element is a thin film 
transistor, an organic thin film transistor, an organic thin 
film transistor, a thin film diode, a photoelectric conver- 
sion element, or a resistive element. A photoelectric 
25 conversion element made through a silicon PIN junction 
can be given as a typical example of the photoelectric 
conversion element. 

[0019] Further, the object to be peeled has an oxide 
layer contacting the peeling layer, typically, a single lay- 
30 er made of a silicon oxide or a metallic oxide, or a lam- 
inate structure thereof. 

[0020] Further, the peeling layer is a metallic film or a 
nitride film. The metallic film or the nitride film includes 
a single layer including an element selected from the 

35 group consisting of titanium, aluminum, tantalum, tung- 
sten, molybdenum, copper, chromium, neodymium, 
iron, nickel, cobalt, ruthenium, rhodium, palladium, os- 
mium, and iridium, an alloy material mainly containing 
the elements, or a nitride compound of the elements, or 

^0 a laminate structure thereof. 

[0021] Further, an adhesive of the peelable adhesive 
medium is an adhesive capable of being peeled by heat 
(hereinafter indicated as heat-peeling adhesive) and / 
or an adhesive capable of being peeled by ultraviolet 

45 light irradiation (hereinafter indicated as ultraviolet-peel- 
ing adhesive). 

[0022] Further, plastic can be given as a typical ex- 
ample of the first transferring member, typically plastic 
having flexibility like plastic film. Furthermore, materials 

50 having a poor waterproof property (such as paper, cloth, 
woods, and metals applied to the transferring member) 
can be used in the first transferring member. Further, 
materials having thermal conductivity can also be used, 
[0023] Further, plastic, typically plastic having flexlbil- 

55 ity like plastic film, can be given as a typical example of 
the second transferring member. Furthermore, materi- 
als having a poor waterproof property (such as paper, 
cloth, woods, and metals applied to the transferring 
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member) can be used In the first transferring member. 
Further, materials having thermal conductivity can also 
be used. 

[0024] Further, typical examples of the physical 
means include means that use human hand and wind 5 
pressure of a gas sprayed from a nozzle, and means of 
peeling off by a relatively small force such as ultrasound. 
[0025] Note that a tape-shaped material In which an 
adhesive is formed on both sides of a substrate (two- 
sided tape), a similar sheet-shaped material (two-sided io 
sheet), a similar film-shaped material (two-sided film) 
and the like can be given as the peelable adhesive me- 
dium. Although the present Invention will be explained 
below using two-sided tape as a typical example of the 
peelable adhesive medium in embodiment modes and is 
embodiments, two-sided sheets and two-sided films 
may also be applied thereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

[0026] In the accompanying drawings: 

FIGs. 1A to 1E are diagrams showing the concept 
of Embodiment Mode 1 of the present invention; 
FIGs. 2A to 2D are cross sectional diagrams show- 25 
ing a process of manufacturing an active matrix 
substrate in accordance with Embodiment 1 of the 
present invention; 

FIGs. 3A to 3D are cross sectional diagrams show- 
ing the process of manu^cturing the active matrix so 
substrate in accordance with Embodiment 1 of the 
present Invention; 

FIGS. 4A to 4C are cross sectional diagrams show- 
ing the process of manufacturing the active matrix 
substrate in accordance with Embodiment 1 of the 35 
present invention; 

FIGs. 5A and 5B are cross sectional diagrams 
showing the process of manufacturing the active 
matrix substrate in accordance with Embodiment 1 
of the present invention; 40 
FIGs. 6A and 6B are cross sectional diagrams 
showing a peeling process and a transferring proc- 
ess, respectively, of the active matrix substrate in 
accordance with Embodiment 1 of the present in- 
vention; 45 
FIGs. 7A and 7B are cross sectional diagrams 
showing a process of manufacturing an EL module 
in accordance with Embodiment 2 of the present in- 
vention; 

FIG. 8 is a top view of an EL module in accordance so 
with Embodiment 3 of the present invention; 
FIGs. 9A and 9B are cross sectional diagrams 
showing a process of manufacturing a liquid crystal 
module In accordance with Embodiment 4 of the 
present invention; 55 
FIG. 10 is a top view of a liquid crystal module in 
accordance with Embodiment 5 of the present in- 
vention; 



FIGs. 11 A to 1 1 F are diagrams showing the concept 
of Embodiment Mode 2 of the present invention; 
FIGs. 12A to 12F are diagrams showing electronic 
devices to which Embodiment 6 of the present in- 
vention is applied; 

FIGs. 13A to 13C are diagrams showing electronic 
devices to which Embodiment 6 of the present in- 
vention is applied; 

FIGs. 14A and 148 are graphs showing electrical 
characteristics of TFTs manufactured in accord- 
ance with Embodiment 1 of the present invention; 
and 

FIG. 15 is a photograph showing the EL module 
manufactured In accordance with Embodiment 2 of 
the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment Modes 

[0027] Embodiment modes of the present invention 

are explained below. 

[Embodiment Mode 1] 

[0028] Procedures of a typical transferring method us- 
ing the present invention are explained briefly using 
FIGs. 1Ato1E. 

[0029] First, a description will be made with reference 
to FIG. 1 A. Reference numeral 10 denotes a substrate, 
reference numeral 11 denotes a peeling layer, reference 
numeral 12 denotes an oxide layer, reference numeral 
13 denotes an object to be peeled, and includes the ox- 
ide layer 12. 

[0030] Glass substrates, quartz substrates, ceramic 
substrates, and the like can be used as the substrate 
10. Further, silicon substrates, metallic substrates, and 
stainless steel substrates may also be used. 
[0031] A peeling layer 11, which is a nitride layer or a 
metallic layer, is formed on the substrate 10. A typical 
example of the metallic layer includes a single layer 
made of an element selected from the group consisting 
of titanium (Ti). aluminum (Al), tantalum (Ta), tungsten 
(W). molybdenum (Mo), copper (Cu). chromium (Or), 
neodymium (Ne). iron (Fe), nickel (Ni). cobalt (Co), ru- 
thenium (Ru), rhodium (Rh), palladium (Pd), osmium 
(Os), and iridium (Ir), or an alloy mainly containing the 
above elements, or a laminate structure thereof. A typ- 
ical example of the nitride layer is a single layer made 
from a nitride of the above metal elements, for example, 
titanium nitride, tungsten nitride, tantalum nitride, or mo- 
lybdenum nitride, or a laminate structure thereof. 
[0032] The object to be peeled 13 that contains the 
oxide layer 12 is formed next on the peeling layer 11, 
which Is a nitride layer or a metallic layer. An oxide layer 
that uses silicon oxide, silicon oxynitride. or a metal ox- 
ide may be formed as the oxide layer 12. Note that the 
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oxide layer 1 2 may be formed by using any film forma- 
tion method, such as sputtering, plasma CVD, coating, 
and the like. 

[0033] Semiconductor elements (such as thin film 
transistors, organic thin film transistors, thin film diode 
photoelectric conversion elements, resistive elements, 
and the like) may also be included in the object to be 
peeled 13. 

[0034] Next, a description will be made with reference 
to FIG. 1 B. One surface of a two-sided tape 14 is bonded 
onto the object to be peeled 13. Two-sided tape applied 
with an ultraviolet-peeling adhesive or a heat-peeling 
adhesive Is used. Cracks are easily generated In the ob- 
ject to be peeled 13 during a later peeling process if air 
bubbles enter between the object to be peeled 13 and 
the two-sided tape 14 at this point, and therefore bond- 
ing Is performed so that air bubbles do not enter be- 
tween the object to be peeled 1 3 and the two-sided tape 
14. Note that, by using a tape mounting apparatus or 
the like in this process, bonding can be performed in a 
short time so that air bubbles do not enter between the 
object to be peeled 13 and the two-sided tape 14. 
[0035] The other side of the two-sided tape 14 is 
bonded to a support 1 5. The support 1 5 may be a quartz 
glass, a metal, a ceramic, or the like, for example. It is 
necessary to fix the support 1 5 securely to the two-sided 
tape 14 at this point. This is for preventing the support 
15 and the two-sided tape 14 from peeling off first when 
peeling the object to be peeled 13 from the substrate 
10. Note that the two-sided tape can be bonded to the 
support in a short time by using a press machine or the 
like in this process. 

[0036] Next, a description will be made with reference 
to FIG. 1C. The peeling layer 11 Is peeled from the object 
to be peeled 13 by applying a physical force to peeling 
layer 11 , which is made from a nitride layer or a metallic 
layer, and the oxide layer 12. An example is shown here 
In which the mechanical strength of the substrate is suf- 
ficient. If the adhesion between the peeling layer 11 and 
the oxide layer 12 is high, and the mechanical strength 
of the substrate 10 is low, then there is a danger that the 
substrate 10 will crack during peeling. It Is therefore pos- 
sible to perform more effective peeling if peeling is per- 
formed after a support (not shown In the figures), for ex- 
ample plastic, glass, metal, ceramic, or the like, is 
mounted to a rear surface of the substrate (the surface 
on which the peeling layer is not formed). 
[0037] Note that the physical force is a relatively small 
force such as a manual force by a human hand, velocity 
pressure of a gas sprayed from a nozzle, and ultra- 
sound. 

[0038] Next, a description will be made with reference 
to FIG. ID. The object to be peeled 13 is bonded to a 
transferring member 17 by using an adhesive 16. Note 
that It is possible for the adhesive 1 6 to use an adhesive 
capable of being peeled off by a reaction (hereinafter 
indicated as a reaction setting adhesive), an adhesive 
capable of being peeled off by heat (hereinafter Indicat- 



ed as a thermosetting adhesive), or adhesive capable 
of being peeled off by light, such as an ultraviolet setting 
adhesive (hereinafter indicated as a photosetting adhe- 
sive. Epoxy resin, acrylic resin, silicon resin, and the like 
5 can be given as typical examples of these. 

[0039] Next, a description will be made with reference 
to FIG. 1 E. The object to be peeled 1 3 and the two-sided 
tape 14 are peeled apart. If ultraviolet peeling two-sided 
tape is used for the two-sided tape 14, peeling can be 
10 performed by irradiating ultraviolet light for a short peri- 
od of time, specifically for 50 to 100 seconds. Further, 
peeling can be performed by heating the substrate If 
heat peeling two-sided tape is used for the two-sided 
tape 14. The heating temperature in this case is set with- 
es in a range from 90 to 150°C, preferably from 110 to 
120''C, and the amount of heating time Is as short as 
two to three minutes. The support 15 and the two-sided 
tape 14 are peeled apart first, and then the object to be 
peeled 13 and the two-sided tape 14 are peeled apart. 
20 [0040] The object to be peeled can be transferred on- 
to the transferring member by the above steps. Note that 
a separation substrate may also be mounted on the ex- 
posed object to be peeled. 

[0041] Note that the term transferring member as 

25 used in this specification denotes an object to which the 
object to be peeled is bonded after the substrate is 
peeled from the object to be peeled. There are no limi- 
tations placed on the materials used in the transferring 
member, and any material such as plastics, glasses, 

30 metals, ceramics, and the like may be used. Simllariy, 
the term support as used in this specification denotes 
an object to which the object to be peeled is bonded 
when peeling the substrate by the physical means. 
There are no limitations placed on the materials used In 

35 the support, and any material such as plastics, glasses, 
metals, ceramics, and the like may be used. Further, 
there are no limitations placed on the shapes of the 
transferring member or the support, and they may have 
a flat surface, a curved surface, flexibility, and a film 

<o shape. Furthermore, if light weight is given the highest 
priority, it is preferable to use a film shape plastic, for 
example, polyethylene terephthalate (PET), polyethyl- 
ene sulfide (PES), polyethylene naphthalate (PEN), 
polycarbonate (PC), nylon, polyether ether ketone 

45 (PEEK), poiysulfone (PSF), polyether imide (PEI). poly- 
acrylate (PAR), polybutylene terephthalate (PBT), AR- 
TON (manufactured by JSR Corporation) which is made 
from norbomene resin having a polar group, or the like. 
A film having thermal conductivity, such as aluminum 

50 nitride, or aluminum oxynitride, may also be formed on 
a surface of these plastics. Further, Iron, copper, alumi- 
num, aluminum nitride, magnesium oxide, or the like 
may also be dispersed within these plastics. It is possi- 
ble for the transferring member to absorb heat generat- 

55 ed due to driving If these types of plastics are used in 
the transferring member for cases in which a semicon- 
ductor circuit that performs high speed operation, such 
as a CPU, or a memory is formed on the object to be 
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peeled. 

[0042] Further, there is no dipping process In the 
present invention, and therefore materials that have a 
poor waterproof property (such as paper, cloth, woods, 
and metals applied to the transferring member) can also 
be used in the transferring member. Further, resins hav- 
ing thermal conductivity can also be used. In addition, it 
is also possible to use a semiconductor device (such as 
a logic circuit, a memory, a driver circuit, a power source 
circuit, or a switch), on which semiconductor elements 
are formed, as the transferring member, and to transfer 
a separate semiconductor device onto the transferring 
member. The characteristics of each of the semiconduc- 
tor devices can be investigated in this case, and only 
those having superior characteristics (devices that are 
not defective) can be laminated. The overall yield can 
therefore be effectively increased. 

[Embodiment Mode 2] 

[0043] The structure of a peelable adhesive medium 
(two-sided tape is employed as a typical example) used 
in a transferring process of the present invention is ex- 
plained here. 

[0044] FIG. 1 1 A and FIG. 1 1 B are explained. The two- 
sided tape used in the present invention is one in which 
a first substrate 502 having a first adhesive 510, and a 
second substrate 504 having a second adhesive 503, 
are joined together by a cured adhesive 505. Heat-peel- 
ing adhesives and / or ultraviolet-peeling adhesives can 
be used in the first adhesive and in the second adhesive. 
Further, adhesives that are peelable by the irradiation 
of light (visible light, infrared light, and the like) (light 
peeling adhesives). and adhesives that are peelable by 
a chemical reaction (reaction peeling adhesives) can al- 
so be used as substitutes for the ultraviolet-peeling ad- 
hesives and the heat-peeling adhesives. 
[0045] A heat-peeling adhesive and an ultraviolet- 
peeling adhesive are used as typical examples of adhe- 
sives in this embodiment mode. Note that it is also pos- 
sible to use other adhesives. 

[0046] Note that the first adhesive 501 indicates an 
adhesive bonded to a support 506, and the second ad- 
hesive 509 indicates an adhesive bonded to an object 
to be peeled 507 in this embodiment mode. 
[0047] An example of using a heat-peeling adhesive 
in a first adhesive 508, and using an ultraviolet-peeling 
adhesive In a second adhesive 509 is shown In FIG. 
11B, but there are no limitations placed on this combi- 
nation. An ultraviolet-peeling adhesive can also be used 
in a first adhesive 510. and a heat-peeling adhesive can 
also be used in a second adhesive 511, as in FIG. 11C. 
[0048] In addition, in the first adhesive and the second 
adhesive, they may also be used adhesives of the same 
adhesive type. An example of using heat-peeling adhe- 
sives in a first adhesive 512 and in a second adhesive 
513 is shown in FIG. 11D, and two-sided tape that uses 
ultraviolet-peeling adhesives in a first adhesive 514 and 



in a second adhesive 515 is shown In FIG. 11 E. 
[0049] On the other hand, although two-sided tapes 
in which the first substrate 502 and the second substrate 
504 are bonded are shown in FIGs. 11 A to 11E, both 
5 sides of a first substrate 51 6 may also have a heat-peel- 
ing adhesive 51 7 and /or an ultraviolet-peeling adhesive 
518, as in FIG. 11F. 

[0050] Note that, although peelable adhesrve" medi- 
ums having adhesives on both sides of one or more sub- 
10 strates are shown in this embodiment mode, the peela- 
ble adhesive medium is not limited to these. An adhe- 
sive medium of only a peelable adhesive can also be 
applied to the present invention. 

15 Embodiments 



[Embodiment 1] 

[0051] An embodiment of the present invention is ex- 
20 plained using FIGs. 2A to 68. A method of transferring 
a laminate having a thin film transistor to an object to be 
peeled is explained here. First, a method of manufac- 
turing a pixel portion on the same substrate simultane- 
ously with TFTs of driver circuits formed in the periphery 
25 of the pixel portion is explained first. 

[0052] A description will be made with reference to 
FIG. 2A. A peeling layer 101, which is a nitride film or a 
metallic film, an oxide layer 1 02. a silicon oxide film 1 03, 
which is a base film, and an amorphous silicon film 104 
30 are formed on a substrate 100, and a solution 105 con- 
taining nickel is applied on the top. 
[0053] A glass substrate is used as the substrate 1 00 
in this embodiment, but the substrate 100 is not limited 
to glass, and quartz substrates, semiconductor sub- 
35 strates. metallic substrates, ceramic substrates, and the 
like can also be used. 

[0054] Further, if a metallic film is used in the peeling 
layer 1 01 , a single layer made from an element selected 
from the group consisting of titanium (Ti), aluminum (Al), 
40 tantalum (Ta). tungsten (W), molybdenum (Mo), copper 
(Cu). chromium (Cr). neodymium (Ne). iron (Fe), nickel 
(Ni), cobalt (Co), ruthenium (Ru), rhodium (Rh), palladi- 
um (Pd), osmium (Os), and iridium (Ir), or an alloy or 
chemical compound mainly containing the above ele- 
45 ments, or a laminate thereof may be used in the peeling 
layer 101. On the other hand, if a nitride film is used in 
the peeling layer 101, then a single layer made from ti- 
tanium nitride, tungsten nitride, tantalum nitride, or mo- 
lybdenum nitride, or a laminate thereof, may be used. A 
50 50 nm thick tungsten film formed by sputtering is used 
here. 

[0055] Further, a single layer made from a silicon ox- 
ide or a metal oxide having a thickness form 10 to 600 
nm, preferably from 150 to 200 nm, or a laminate struc- 
55 ture of these single layers, may be used as the oxide 
layer 102. A silicon oxide layer having a film thickness 
of 200 nm and formed by sputtering is used here. The 
bonding force between the metallic layer 101 and the 
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oxide layer 102 Is strong with respect to heat treatment, 
film peeling and the like are not caused, and peeling can 
be performed simply by physical means within the oxide 
layer, at an interface between the oxide layer and the 
metallic layer, or at an Interface between the oxide layer 5 
and the nitride layer. 

[0056] Further, a silicon oxynitride film (composition 
ratios: SI = 32%. O = 27%. N = 24%, H = 17%) having 
a film thickness of 10 to 200 nm (preferably 50 nm) and 
formed by plasma CVD with film formation conditions in io 
which a deposition temperature is 400''C, and material 
gas flow rates for SiH4 and N2O are 4 seem and 800 
seem, respectively, is used as the base insulating layer 
103. 

[0057] The amorphous silicon film 104 Is formed next 15 
having a film thickness of 25 to 80 nm. 54 nm In this 
embodiment, by using plasma CVD with a film formation 
temperature of 300**C and using SiH4 as a film formation 
gas. Note that there are no limitations placed on the 
semiconductor film material, and the amorphous silicon 20 
film 104 may be formed by a known means (such as 
sputtering. LPCVD. plasma CVD, or the like) using sili- 
con, a silicon germanium alloy (Si^Ge^.x. where X = 
0.0001 to 0.02). or the like. 

[0058] Further, the concentration of the nickel solution 25 
105 may be suitably regulated. A nickel acetate salt so- 
lution containing nickel at 10 ppm by weight is used in 
this embodiment, and applied onto the amorphous sem- 
iconductor film by using a spinner. A method of adding 
nickel elements to the entire surface of the amorphous ^0 
silicon film by sputtering may also be used as a substi- 
tute for application. 

[0059] Next, a description will be made with reference 
to FIG. 2B. The amorphous semiconductor film is crys- 
tallized by performing heat treatment. In the heat treat- 35 
ment, there may be used electric furnace heat treatment 
or Irradiation of strong light. If heat treatment is per- 
formed within an electric furnace, it may be performed 
at a temperature of 500 to 650*'C for 4 to 24 hours. Heat 
treatment (heating at 550°C for 4 hours) for crystalliza- 40 
tion Is performed here after heat treatment (heating at 
500°C for 1 hour) for dehydrogenation, and a crystalline 
silicon 106 film is obtained. Note that, although crystal- 
lization of the amorphous semiconductor film is per- 
formed by heat treatment using a furnace here, crystal- 45 
lization may also be performed by a lamp annealing ap- 
paratus. Note also that, although a crystallization tech- 
nique that employs nickel as a metallic element for pro- 
moting the crystallization of silicon is used here, another 
known crystallization technique may also be used, for so 
example, solid state growth or laser crystallization. 
[0060] A first laser light (XeCI, wavelength 308 nm) is 
irradiated next In the air, or within an oxygen atmos- 
phere, in order to repair defects remaining within crystal 
grains and improve erystallinity after removing an oxide 55 
film on a surface of the crystalline semiconductor film by 
using hydrofluoric acid or the like. Excimer laser light 
having a wavelength equal to or less than 400 nm. and 



the second harmonic or the third harmonic of a YAG la- 
ser are used as the laser light. Whichever laser light is 
employed, pulse laser light having a repetition frequen- 
cy on the order of 1 0 to 1 000 Hz is used. The laser light 
is condensed by an optical system to 100 to 500 mJ/ 
cm2, and then scanned over the silicon film surface 
while being irradiated with an overlap ratio of 90 to 95%. 
The first laser light is irradiated in the air at a repetition 
frequency of 30 Hz and an energy density of 393 mJ/ 
cm2 here. Note that an oxide film is formed on the sur- 
face by the first laser light irradiation because It is per- 
formed in the air or within an oxygen atmosphere. The 
oxide film is then removed by using diluted hydrofluoric 
acid, and an extremely thin oxide film Is then formed on 
the surface by using aqueous ozone. 
[0061] Doping of a minute amount of impurities (boron 
or phosphorus) is performed next in order to control thin 
film transistor threshold values (not shown in the fig- 
ures). Ion doping in which diborane {BJr\Q) is excited by 
a plasma without separation of mass is used here. The 
doping conditions are as follows: diborane diluted to 1 % 
by hydrogen is Introduced within a chamber at a flow 
rate of 30 seem, and an acceleration voltage of 15 kV is 
applied. Boron is thus added to the amorphous semi- 
conductor film on the order of a dosage of IxlO'^^/cm^. 
[0062] Next, a description will be made with reference 
to FIG. 2C. The surface of the amorphous semiconduc- 
tor film is then proeessed for 120 seconds by aqueous 
ozone, forming a bam'er layer 107 made from a 1 to 5 
nm thick oxide film. 

[0063] An amorphous silicon film 108 containing ar- 
gon element, which becomes a gettering site, is formed 
next on the handler layer 107 by sputtering to have a 
thickness of 50 nm. The film formation conditions may 
be suitably regulated, and sputtering Is used in this em- 
bodiment. The film formation pressure Is set to 0.3 Pa. 
the flow rate of argon gas Is set to 50 seem, the film 
formation electric power is set to 3kW. and the film for- 
mation temperature Is set to 150°C. Note that the atomic 
concentration of argon elements contained in the amor- 
phous silicon film Is from 3x10^0 /cm^ to 6x1 020 /em^, 
and the atomic concentration of oxygen is from 1x10"*^ 
Icrrfi to 3x10^9 /cm3 at the above conditions. Heat treat- 
ment is then performed for 4 hours at a temperature of 
550°C within an electric fumace. thus performing me- 
tallic element gettering. 

[0064] Next, a description will be made with reference 
to FIG. 2D. The amorphous silicon film 108 containing 
argon element, as the gettering sites, and using as an 
etching stopper the barrier layer 106 is next removed 
using NMD3 solution (an aqueous solution containing 
0.2 to 0.5% of tetramethyl ammonium hydroxide). The 
oxide film barrier layer is then removed by using diluted 
hydrofluoric acid. 

[0065] Next, a description will be made with reference 
to FIG. 3A, The surface of the crystalline semiconductor 
film obtained Is processed with aqueous ozone, forming 
an extremely thin oxide film (not shown in the figures). 



13 



EP 1 363 319 A2 



14 



A mask made form resist is formed thereon and pat- 
terned, and the crystalline semiconductor film is next 
etched into predetermined shapes, forming separated 
semiconductor layers 121 to 124. The mask made from 
resist is then removed. 

[0066] An Insulating film 125 that becomes a gate in- 
sulating film, and which has silicon as its main constitu- 
ent, is formed next after cleaning the surface of the sil- 
icon film. A silicon oxynitride film having a film thickness 
of 155 nm is formed by plasma CVD at a film formation 
temperature of 400**C in this embodiment, using SiH4 
and N2O as film formation gasses at a gas flow rate ratio 
of 4/800 seem. 

[0067] A first conductive film having a film thickness 
of 20 to 100 nm, and a second conductive film having a 
film thickness of 100 to 400 nm are laminated next on 
the gate insulating film. A tantalum nitride (TaN) film 126 
having a film thickness of 30 nm is laminated on the gate 
Insulating film, and a tungsten (W) film 127 having a film 
thickness of 370 nm is laminated on the tantalum nitride 
(TaN) film, in that order. 

[0068] The first conductive film and the second con- 
ductive film are formed of an element selected from the 
group consisting of tantalum (Ta), tungsten (W). titanium 
(Ti), molybdenum (Mo), aluminum (Al), and copper (Cu). 
or an alloy or chemical compound mainly containing the 
elements. Further, as the first conductive film and the 
second conductive film, a semiconductor film, typically 
a polycrystalline silicon film into which an impurity such 
as phosphorus has been doped, and an alloy film made 
from silver, palladium, and copper (AgPdCu alloy film) 
may also be used. Further, there are no limitations 
placed on using a two layer structure, and a three layer 
structure may also be used, for example, in which a 
tungsten film having a film thickness of 50 nm, an alloy 
film of aluminum and silicon (Al-Si alloy film) having a 
film thickness of 500 nm, and a titanium nitride film hav- 
ing a film thickness of 30 nm are laminated in order. Fur- 
ther, if a three layer structure is employed, tungsten ni- 
tride may also be used as a substitute for tungsten in a 
first conductive film, an alloy of aluminum and titanium 
may also be used as a substitute for the alloy of alumi- 
num and silicon in a second conductive film, and a tita- 
nium film may also be used as a substitute for the tita- 
nium nitride film in a third conductive film. Furthermore, 
a single layer structure may also be used. 
[0069] Next, a description will be made with reference 
to FIG. 3B. Masks 128 to 131 made from resist are 
formed by exposure to light in a photolithography proc- 
ess, and a first etching process is performed in order to 
form gate electrodes and wirings (not shown in the fig- 
ures). The first etching process is performed under first 
and second etching conditions. An ICR (inductively cou- 
pled plasma) etching method may be used for etching. 
Films can be etched to have a desired tapered shape 
by suitably regulating the etching conditions (such as 
the amount of electric energy applied to a coil shape 
electrode, the amount of electric energy applied to a 



substrate side electrode, the temperature of the sub- 
strate side electrode, and the like) when using ICR etch- 
ing. Note that chlorine gasses, typically chlorine (CI2), 
boron trichloride (8013), silicon tetrachloride (SiC^), car- 
5 bon tetrachloride (0014). and the like, fiuorine gasses, 
typically carbon tetrafluoride CF4), sulfur hexafluoride 
(SFg), nitrogen trifluoride (NF3), and the like, and oxy- 
gen (O2) can be suitably used as etching gasses. 
[0070] Etching is performed under the first etching 
10 conditions in this emt>odlment by using carbon tetraflu- 
oride (CF4). chlorine (CI2), and oxygen (O2) as etching 
gasses, setting their respective gas flow rates to 
25/25/1 0 seem, and Introducing a 500W RF (1 3.56 MHz) 
power to a coil shape electrode at a pressure of 1 .5 Ra, 
15 thus generating a plasma. A 150 W RF (13.56 MHz) 
electrode Is also introduced to a substrate side (sample 
stage), thus In effect applying a negative self-bias volt- 
age. Note that the size of the electrode surface area on 
the substrate side is 12.5 cm x 12.5 cm, and the size 

20 of the surface area of the coil shape electrode (a quartz 
disk on which a coil is formed here) is a diameter of 25 
cm. The tungsten film is etched by the first etching con- 
ditions, and an edge portion of the first conductive layer 
takes on a tapered shape. The etching rate of the tung- 

25 sten film at the first etching conditions is 200.39 nm/min, 
and the etching rate of the tantalum nitride film is 80.32 
nm/min, and therefore the selection ratio of tungsten to 
tantalum nitride is approximately 2.5. Further, the tung- 
sten taper angle becomes approximately 26° under the 

30 first etching conditions. 

[0071 ] The etching conditions are next changed to the 
second etching conditions without removing the masks 
128 to 131 made from resist. Etching is then performed 
for a period on the order of approximately 15 seconds 

35 using carbon tetrafiuoride (CF4) and chlorine (CI2) as 
etching gasses, setting their respective gas fiow rates 
to 30/30 seem, and introducing a 500 W RF (13.56 MHz) 
electrode to the coil shape electrode at a pressure of 1 .5 
Pa, thus generating a plasma. A 10 W RF (13.56 MHz) 

40 electrode is also introduced to the substrate side (sam- 
ple stage). In effect applying a negative self-bias. The 
tungsten film and the tantalum nitride film are etched by 
a similar amount under the second etching conditions, 
in which carbon tetrafluoride (CF4) and chlorine (CI2) are 

45 mixed. The etching rate of tungsten under the second 
etching conditions is 58.97 nm/min, and the etching rate 
of tantalum nitride is 66.43 nm/min. Note that the etching 
time may also be Increased by on the order of 1 0 to 20% 
in order to perform etching without any residue remain- 
so ing on the gate Insulating film. 

[0072] First shape conductive layers 132 to 135. in- 
eluding first conductive layers and second conductive 
layers (first conductive layers 132a to 135a and second 
conductive layers 1 32b to 1 35b), are thus formed by the 

55 first etching process. The insulating film 125 that be- 
comes the gate Insulating film is etched by an amount 
on the order of 10 to 20 nm, and regions not covered by 
the first conductive layers 131 to 134 become a thinned 
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gate insulating film 136. 

[0073] Next, a description will be made with reference 
to FIG. SC. A second etching process is performed next 
without removing the masks 128 to 131 made from re- 
sist. Etching is performed here for a period on the order 5 
of 25 seconds by using sulfur hexafluoride (SF4), chlo- 
rine (CI2), and oxygen (O2) as etching gasses, setting 
their respective gas flow rates to 24/12/24 seem, and 
Introducing a 700 W RF (13.56 MHz) electrode to the 
coll shape electrode at a pressure of 2.0 Pa. thus gen- 10 
erating a plasma. A 4 W RF (13.56 MHz) electrode is 
also introduced to the substrate side (sample stage) to 
sufficiently apply a negative self-bias. The etching rate 
of tungsten (W) by the second etching process is 227.3 
nm/min, and the selection ratio of tungsten to tantalum 15 
nitride (TaN) is 7.1 . The etching rate of the silicon oxyni- 
tride film as an Insulating film 136 is 33.7 nm/mIn, and 
the selection ratio of W to the silicon oxynltride film Is 
6.83. The selection ratio to the insulating film 1 36 is thus 
high when using sulfur hexafluoride (SFg) in the etching 20 
gas, and therefore film reduction can be suppressed. 
[0074] Second conductive layers 137b to 140b are 
formed by the second etching process. The taper angle 
of the second conductive layers 137b to 140b, which are 
tungsten films, becomes approximately 70"* . On the oth- 25 
er hand, the first conductive films are hardly etched at 
all, and become first conductive layers 137a to 140a. 
Further, the masks 128 to 1 31 made from resist become 
masks 145 to 148 made from resist due to the second 
etching process. 30 
[0075] Next, a description will be made with reference 
to FIG. 3D. A first doping process is performed after re- 
moving the masks 145 to 148 made from resist, and the 
state of FIG. 3D Is obtained. The doping process may 
be performed by ion doping or ion injection. The condi- 35 
tions of ion doping are such that phosphorus (P) is 
doped with a dosage of 5x1 0^^ /cm^ and an acceleration 
voltage of 50 kV. As (arsenic) may also be used as a 
substitute for P (phosphorus) as an impurity element 
that imparts n-type conductivity. The first conductive 40 
films 131 to 134 and the second conductive films 137 to 
140 become masks with respect to impurity elements 
imparting the n-type conductivity in this case, and first 
impurity regions 141 to 144 are formed In a self-aligning 
manner. The impurity element that imparts n-type con- 45 
ductivity is added to the first impurity regions 141 to 144 
at a concentration ranging from IXIO'*^ to 1x10^^ /cm^ 
Regions having the same concentration range as the 
first impurity regions are referred to as n- regions here. 
[0076] Note that, although the first doping process is so 
performed in this embodiment after removing the masks 
145 to 148 made firom resist, the first doping process 
may also be performed without removing the masks 145 
to 148 made from resist. 

[0077] Next, a description will be made with reference ss 
to FIG. 4A. Masks 150 to 153 made from resist are 
formed, and a second doping process is performed. The 
mask 150 Is a mask that protects a channel formation 



region of a semiconductor layer for forming a p-channel 
TFT of a driver circuit, and regions in the periphery of 
the channel formation region. The mask 151 is a mask 
that protects a channel formation region of a semicon- 
ductor layer for forming one n-channel TFT of the driver 
circuit, and regions in the periphery of the channel for- 
mation region. The masks 152 and 153 are masks that 
protect a channel formation region of a semiconductor 
layer for fomning a pixel region TFT, and regions in the 
periphery of the channel formation region. 
[0078] The ion doping conditions in the second doping 
process are such that phosphorus (P) is doped at a dos- 
age of 3.5x10''5 /cm2 and an acceleration voltage of 65 
kV, thus forming a second impurity region 155. An im- 
purity element that imparts n-type conductivity is added 
to the second impurity region 155 at a concentration 
range of 1x1 O^o to 1X10^1 /cm^. Regions having the 
same concentration range as the second impurity region 
are referred to as n+ regions here. 
[0079] Next, a description will be made with reference 
to FIG. 4B. The masks 150 to 153 made fixjm resist are 
removed, a mask 158 made from resist is newly formed, 
and a third doping process is performed. 
[0080] Third impurity regions 150 to 161 and fourth 
Impurity regions 162 to 164. in which an impurity ele- 
ment that Imparts p-type conductivity is added to semi- 
conductor layers that form p-channel TFTs, are fonrned 
by the third doping process in the driver circuits. 
[0081] Impurity element addition Is performed so that 
an Impurity element Imparting a p-type conductivity is 
added to the third impurity regions 159 to 161 In a con- 
centration range of 1x10^0 to 1x102i /cm^. Note that, 
although there are regions (n- regions) In the third Im- 
purity regions 159 to 161 to which P (phosphorus) Is 
added in the previous process, the impurity element im- 
parting the p-type conductivity Is added at a concentra- 
tion 1 .5 to 3 times that of the impurity element Imparting 
the n-type conductivity, and therefore the conductivity 
type In the third Impurity regions 159 to 161 becomes p- 
type. Regions having the same concentration range as 
the third impurity regions are referred to as p+ regions 
here. 

[0082] Further, an impurity element addition is per- 
formed so that an Impurity element imparting a p-type 
conductivity is added to the fourth impurity regions 162 
to 1 64 in a concentration range of 1 x1 O*" ^ to 1 x1 O^o /cm^. 
Regions having the same concentration range as the 
fourth impurity regions are referred to as p-regions here. 
[0083] The impurity regions having n-type conductiv- 
ity or p-type conductivity are thus fonmed In each of the 
semiconductor layers by the above processes. Conduc- 
tive layers 137 to 140 become TFT gate electrodes. 
[0084] Next, a description will be made with reference 
to FIG. 4C. Heat treatment is performed at a tempera- 
ture of 300 to 550°C for 1 to 12 hours after fomning a 
first passivation film 165 made from a silicon nitride film 
having a film thickness of 100 nm. The semiconductor 
layers are thus hydrogenated. Heat treatment Is per- 
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formed at410*Cfor 1 hour within a nitrogen atmosphere 
in this embodiment. This process is one of terminating 
dangling bonds in the semiconductor layers by hydro- 
gen contained in the first passivation film 165. 
[0085] A first interlayer insulating film 166 made from 
an inorganic insulator or an organic insulator is formed 
on the first passivation film next. Positive photosensitive 
organic resins and negative photosensitive organic res- 
ins can be used as organic insulators. A first opening 
portion having curvature can be formed for cases of us- 
ing a photosensitive organic resin if exposure process- 
ing is perfomned by a photolithography process, and the 
photosensitive organic resin is then etched. The forma- 
tion of the opening portion having curvature has an ef- 
fect for increasing the coverage of an electrode formed 
later. A photosensitive acrylic resin film having a thicl^- 
ness of 1 .05 ^m is formed for the first intedayer insulat- 
ing film in this embodiment. Patterning and etching of 
the first interlayer insulating film are performed next, 
forming the first opening portion having inner walls with 
a gentle slope. 

[0086] Note that positive photosensitive resins are 
colored brown, and therefore it is necessary to perform 
decolorization of the photosensitive organic resin after 
etching if a positive photosensitive organic resin is used 
in the first interlayer insulating film 166. 
[00871 Further, if a film made from an inorganic insu- 
lator is used in the first interlayer insulating film 166. a 
surface thereof may also be leveled. 
[0088] A second passivation film 1 80 made from a ni- 
tride insulating film (typically a silicon nitride film or a 
silicon oxynitride film) Is formed next so as to cover the 
opening portion and the first interlayer insulating film. A 
silicon nitride film is used in the second passivation film 
in this embodiment. As the film formation conditions, 
sputtering is performed at high frequency discharge us- 
ing a silicon target and using nitrogen gas as sputtering 
gas. The pressure may be suitably set, and a pressure 
of 0.5 to 1.0 Pa, a discharge power of 2.5 to 3.5 KW, 
and a film formation temperature within a temperature 
range of room temperature (25**C) to 250°C may be 
used. Degassing from the first interiayer insulating film, 
can be controlled by forming the second passivation film 
made from a nitride insulating film. 
[0089] It is possible to prevent moisture from the sub- 
strate side and gasses due to degassing from the first 
interiayer insulating film from entering EL elements 
formed later by forming the nitride insulating film on the 
first interiayer insulating film. Deterioration of the EL el- 
ements can thus be suppressed. Further, the nitride in- 
sulating film has an effect in making bonded two-sided 
tape easy to peel off in the following peeling process, 
and a process for removing remaining adhesive is not 
necessary, and therefore process can be simplified, 
[0090] Next, after performing exposure processing by 
using a photolithography process, the second passiva- 
tion film 180, the first passivation film 165, and the gate 
Insulating film 1 36 are etched in order, forming a second 



opening portion. Dry etching or wet etching may be used 
as an etching process at this point. The second opening 
portion is formed by dry etching in this embodiment. 
[0091] After forming the second opening portion, a 
5 metallic film is formed next on the second passivation 
film and in the second opening portion. The metallic film 
is etched after light exposure by a photolithography 
process, thus forming source and drain electrodes 181 
to 188. and wirings (not shown in the figures). As the 
10 metallic film, a film made from an element selected from 
the group consisting of aluminum (Al). titanium (Ti), mo- 
lybdenum (Mo), tungsten (W), and silicon (Si), or an al- 
loy film made of these elements is used. After laminating 
a titanium film, a titanium aluminum alloy film, and a tl- 
15 tanium film (Ti / Al-Si / Ti) having film thicknesses of 1 00 
nm, 350 nm, and 100 nm, respectively, and the laminate 
is patterned into a desired shape through etching, thus 
forming source electrodes, drain electrodes, and wirings 
(not shown in the figures). 
20 [0092] A pixel electrode 1 90 is formed next. Transpar- 
ent conductive films such as ITO, SnOj, and the like can 
be used for the pixel electrode 190. In this embodiment, 
an ITO film with a thickness of 110 nm is formed and 
etched into a desired shape, thus forming the pixel elec- 
25 trode190. 

[0093] Note that, although the pixel electrode 190 is 
made into a transparent electrode in this embodiment 
because a method of manufacturing a transmitting 
(downward emission type) display device is discussed, 
30 it is preferable to use a material having superior reflec- 
tivity, such as a film having aluminum (Al), or sliver (Ag) 
as its main constituent, or a laminate structure of these 
films, for the pixel electrode when manufacturing a re- 
flective (upward emission type) display device. 
35 [0094] Next, a description will be made with reference 
to FIG. SB. Exposure processing is performed by a pho- 
tolithography process after forming a film made from an 
organic insulator on the second passivation film, the 
source electrodes, the drain electrodes, and the pixel 
40 electrode. A second interiayer insulating film 200 is then 
formed by etching the film made from an organic insu- 
lator and forming a third opening portion. Positive pho- 
tosensitive organic resins and negative photosensitive 
organic resins can be used as the organic insulator. The 
45 second interlayer insulating film is formed by using a 
photosensitive acrylic resin having a thickness of 1.5 
^m, and then etched by wet etching in this embodiment. 
[0095] A third passivation film 315 is then formed on 
the second interiayer insulating film 200, after which a 
50 fourth opening portion is formed on the pixel electrode 
190. Degassing that develops from the second interiay- 
er insulating film can be suppressed by covering the 
second interiayer insulating film 200 with the third pas- 
sivation film 315. It is effective to use a film made from 
55 a nitride Insulating film (typically a silicon nitride film or 
a silicon oxynitride film) as the third passivation film. 
[0096] A driver circuit 201 composed of a p-channel 
TFT 195 and an n-channel TFT 196, and a pixel portion 
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202 having a pixel TFT 197 and a p-channel TFT 198 
can thus be formed on the same substrate. An active 
matrix substrate A 203 is thus completed. A process for 
peeling the glass substrate away from the active matrix 
substrate A and transferring It to a plastic substrate is 5 
shown next. 

[0097] Next, a description will be made with reference 
to FIG. 6A. One surface of a two-sided tape 21 0 is bond- 
ed to the third passivation film and the pixel electrode 
1 90. There is a danger that the tungsten film 101, which io 
is a peeling layer, and the glass substrate cannot be 
peeled uniformly from the active matrix substrate A 203 
If air bubbles enter between the two-sided tape 210 and 
the second interlayer insulating film 200 or the pixel 
electrode 1 90 at this point, and therefore it is necessary i5 
to perform bonding so that air bubbles are not intro- 
duced. Two-sided tape having an ultraviolet-peeling ad- 
hesive on one side, and a heat-peeling adhesive on the 
other side is used in this embodiment, and the side hav- 
ing the ultraviolet-peeling adhesive is bonded to the third 20 
passivation film 315 and the pixel electrode 190. Of 
course, two-sided tape having ultraviolet-peeling adhe- 
sive on both sides may be used. 
[0098] Next, a support 211 is bonded to the other sur- 
face of the two-sided tape 210 (the side having the heat- 25 
peeling adhesive). For the support 211. quartz glass, 
metals, ceramics, and the like can be used. Note that 
the two-sided tape 210 and the support 211 must be se- 
curely fixed together. This is for preventing the support 
211 and the two-sided tape from p>eeling apart when 30 
peeling the substrate from the active matrix substrate A 
203. Quartz glass is used for the support 211 in this em- 
bodiment, and surface of the two-sided tape having the 
heat-peeling adhesive is bonded to the quartz glass. 
[0099] The metallic layer 101 and the glass substrate 35 
100 are next peeled away from the active matrix sub- 
strate by applying a physical force to the nitride layer or 
metallic layer 1 01 and the layer 1 02 made from an oxide 
film. The active matrix substrate from which the glass 
substrate 100 has been peeled away is denoted as an 40 
active matrix substrate B 215. An example in which the 
mechanical strength of the glass substrate 100 is suffi- 
cient is shown here. There is a possibility that the glass 
substrate 100 will break if the adhesion between the ni- 
tride layer or metallic layer 101 and the layer 102 made 45 
from an oxide film is strong, and the mechanical strength 
of the glass substrate 100 Is weak. It Is therefore possi- 
ble to perform peeling more effectively if a support (not 
shown in the figures), for example, plastic, glass, metal, 
ceramic, or the like, is bonded to a rear surface of the so 
glass substrate (surface on which the TFTs are not 
formed) before peeling. 

[0100] Next, a description will be made with reference 
to FIG. 6B, The layer 102 made from an oxide film is 
bonded to a transferring member 213 by using an ad- 55 
hesive 212. It is possible to use reaction setting adhe- 
sives. thermal setting adhesives. or photosetting adhe- 
slves such as ultraviolet setting adhesives as the adhe- 



sive 21 2, and epoxy resins, acrylic resins, silicon resins, 
and the like can be given as typical examples thereof. 
An ultraviolet setting adhesive is used for the adhesive 
212, and polycarijonate film is used for the transferring 
member 213 In this embodiment. The bonding condi- 
tions may be suitably set, and the polycarbonate film is 
fixed to the active matrix substrate by irradiating ultravi- 
olet light for 120 seconds while heating on a hotplate to 
a temperature on the order of 50 to 100°C. 
[0101] The two-sided tape 210 and the support 211 
are peeled away from the active matrix substrate B 215 
next. After initially heating to a temperature of 90 to 
150*C, preferably 110 to 120*'C, the quartz glass sub- 
strate 211 is peeled away from the two-sided tape 210. 
UV irradiation is perfonmed for 60 seconds, and the two- 
sided tape 21 0 is peeled away from the second Interiay- 
er insulating film 200 and the pixel electrode 190. 
[01 02] Although this embodiment adopts the two-sid- 
ed tape in which an ultraviolet-peeling adhesive is used 
on the side of the object to be peeled and a heat-peeling 
adhesive Is used on the support side, the adhesives are 
not limited to this combination. It is also possible to use 
a two-sided tape in which a heat-peeling adhesive is 
used on the object to be peeled, and a heat-peeling ad- 
hesive is used on the support. Similariy, it is also possi- 
ble to use two-sided tape having only heat-peeling ad- 
hesives, and two-sided tape having only ultraviolet- 
peeling adhesives. In addition, it is also possible to use 
light peeling adhesives and reaction peeling adhesives, 
and the respective peeling conditions may be suitably 
set. 

[01 03] The thin film transistors can be transferred on- 
to the plastic substrate by the above processes. 
[01 04] Next, the voltage-current characteristics of the 
thin film transistors transferred according to this embod- 
iment are shown in FIGs. 14A and 148. Note that V^jg 
(the voltage difference between a source region and a 
drain region) is set to 1 V. 

[01 05] First, a description will be made with reference 
to FIG. 14A. FIG. 14A shows the electrical characteris- 
tics of the n-channel TFTs. The electrical characteristics 
of the n-channel TFTs transferred onto the plastic sub- 
strate show almost no change for the electrical charac- 
teristics of the TFTs before the transfer, that is. the elec- 
trical characteristics of the n-channel TFTs formed on 
the glass substrate hardly change. It is thus understood 
that the n-channel TFTs are transferred onto the plastic 
substrate without developing defects thereof. 
[0106] Next, a description will be made with reference 
to FIG. 148. FIG. 148 shows the electrical characteris- 
tics of the p-channel TFTs. Similariy to FIG. 14A, the 
electrical characteristics of the p-channel TFTs trans- 
ferred onto the plastic substrate show no change with 
the electrical characteristics of the TFTs before the 
transfer, that Is, the electrical characteristics of the p- 
channel TFTs formed on the glass substrate hardly 
change. It is thus understood that the p-channel TFTs 
are transferred onto the plastic substrate without devel- 
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oping defects thereof. 

[0107] It is thus possible to transfer thin film transis- 
tors formed on a glass substrate onto a plastic substrate 
in a short time by using two-sided tape having an ultra- 
violet-peeling adhesive or a heat-peeling adhesive, s 
Moreover, thin film transistors having electrical charac- 
teristics equivalent to those of thin film transistors man- 
ufactured on glass substrates can be manufactured on 
plastic substrates. 

[0108] Further, it Is possible to peel away a quartz io 
glass substrate, which is a support, without causing any 
damage thereof by using two-sided tape when peeling 
the object to be peeled, which contains thin film transis- 
tors, from a glass substrate. The support can thus be 
reused. A large reduction in cost can therefore be is 
achieved for cases in which expensive materials like 
quartz glass are used for the support. 
[0109] In addition, the surface of the object to be 
peeled is exposed, and therefore It is possible to meas- 
ure the electrical characteristics of thin film transistors 20 
after transferring them to a plastic substrate. 

[Embodiment 2] 

[0110] An example of making an El module provided 25 
with EL (electro-luminescence) elements 31 6 formed on 
a plastic substrate is explained in this embodiment. 
FIGs. 7A and 7B are used in the explanation. 
[0111] First, an active matrix substrate C 216 of FIG. 
6B Is manufactured In accordance with Embodiment 1 , 30 
and then an EL layer 313 Is formed on the third passi- 
vation film 315 and the pixel electrode 190. The EL layer 
313 is generally structured by a laminate of thin films, 
such as light emitting layers, charge Injecting layers, and 
charge transporting layers. Thin films made from light 35 
emitting materials that emit light (fluoresce) through sin- 
glet excitation (singlet compounds) and thin films made 
form light emitting materials that emit light (phospho- 
resce) through triplet excitation (triplet compounds) can 
be used as the EL layer. Further, each layer of the EL 40 
layer 313 may be a thin film made from an organic ma- 
terial solely, and may be a laminate structure of a thin 
film made from an organic material and a thin film made 
form an inorganic material. In addition, the organic ma- 
terial may be high molecular weight or low molecular ^5 
weight ones. Known materials can be used for these or- 
ganic materials and inorganic materials. As film forma- 
tion methods for each layer, known means are adopted. 
A CuPcfilm having a film thickness of 20 nm, an a-NPD 
film having a film thickness of 30 nm, an Alqg film having so 
a film thickness of 50 nm. and a BaF2 film having a film 
thickness of 2 nm are laminated by evaporation in this 
embodiment, thus forming the EL layer 313. 
[0112] A cathode 314 is formed next on the EL layer 
313, and in addition, a fourth passivation film (not shown ss 
in the figures) is formed on the cathode 314. For the 
cathode 314, a metallic thin film containing an element 
belonging to Group 1 or Group 2 of the periodic table 



may be used, and a metallic film in which 0.2 to 1.5% 
(preferably 0.5 to 1 .0%) by weight of lithium is added to 
aluminum is suitable due to its charge injecting charac- 
teristics and the like. Note that the diffusion of lithium 
elements into the thin film transistors is controlled by the 
first to fourth passivation films with the present inven- 
tion, and therefore the lithium elements do not affect the 
operation of the thin film transistors. 
[0113] The EL element 316 is thus formed by the pixel 
electrode 190. the EL layer 313, and the cathode 314 
through the above processes. 

[0114] The structure shown in FIG. 7A concems a 
downward emission light emitting device, and light emit- 
ted from the EL element passes through the pixel elec- 
trode 190 and is emitted from the plastic substrate 213 
side. 

[01 1 5] On tiie other hand, by using a metallic film hav- 
ing reflectivity as a substitute for the pixel electrode 190. 
and using a metallic film having a small film thickness 
(preferably from 10 to 50 nm) In the cathode 314. light 
emitted form the EL element passes through the cath- 
ode and is emitted. Metallic films made of R (platinum) 
and Au (gold), which have high woric functions, are used 
as the metallic film having reflectivity in order to make 
the metallic film function as an anode. A metallic film 
containing an element belonging to Group 1 or Group 2 
of the periodic table is used in the cathode. 
[01 1 6] Light does not pass through the portion below 
the pixel electrode with this type of upward emission 
light emitting device, and therefore It Is possible to form 
memory elements and resistive elements, and there are 
no problems associated with the first interiayer insulat- 
ing film 166 being colored. Consequentiy. it is also pos- 
sible to achieve a high degree of freedom In design, and 
further, to simplify the manufacturing processes. 
[0117] Next, a description will be made with reference 
to FIG. 78. A third interiayer insulating film is formed on 
a fourth passivation film. It is preferable that a surface 
of a third interiayer Insulating film 319 be further leveled 
after formation. Note that it is not always necessary to 
form the third interiayer insulating film 319. 
[0118] An EL element Is sealed by bonding an oppos- 
ing substrate 318 thereto by using an adhesive layer 
317. Plastics such as PES (polyethylene sulfide). PC 
(polycartjonate), PET (polyethylene terephthalate), and 
PEN (polyethylene naphthalate) can be used for the op- 
posing substrate. A polycarbonate film Is used In this 
embodiment. Note that it is necessary that the plastic 
substrate be made of a material having light transmitting 
characteristics for cases in which a metallic film having 
reflectivity Is used as a substitute for the pixel electrode 
190, and a metallic film having a small film thickness 
(preferably from 1 0 to 50 nm) is used as the cathode 
314. An epoxy resin is used as the adhesive layer 317, 
and a polycarbonate film Is used as the opposing sub- 
strate in this embodiment. If substrates made from the 
same material are used for the substrate 213. which is 
the transferring member, and the opposing substrate 
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31 8, then their thermal expansion coefficients are equal, 
and the substrate is unsusceptible to the influence of 
stress strain due to temperature change. 
[0119] Further, the transferring member 213 and the 
opposing substrate 31 8 are divided into a desired shape s 
as needed. Then, the FPC (not shown in the figures) is 
bonded thereto by using a Icnown technique. 
[01 20] Next, a description will be made with reference 
to FIG. 15. FIG. 15 is a photograph of an upper surface 
of an EL module manufactured according to this embod- io 
iment. From this photograph, it can be understood that 
an EL module manufactured on a plastic substrate by 
the processes of this embodiment emits light. Further, 
polycarbonate films are used in a transferring member 
for the EL module and an opposing substrate, and there- is 
fore an extremely thin EL module can be manufactured. 

[Embodiment 3] 

[0121] The structures of an EL module obtained ac- 20 
cording to Embodiment 1 and Embodiment 2 are ex- 
plained using the top view of FIG. 8. The transferring 
member 213 in Embodiment 2 corresponds to a plastic 
substrate 900. 

[0122] FIG. 8 is a top view showing a module (here- 25 
inafter referred to as EL module) having a light emitting 
device provided with an EL element. A pixel portion 902, 
a source side driver circuit 901 , and a gate side driver 
circuit 903 are formed on a plastic substrate 900 (typi- 
cally a plastic film substrate). The pixel portion and the 30 
driver circuits can be manufactured by the above em- 
bodiments. 

[0123] Further, reference numeral 918 denotes a 
sealing material, and reference numeral 919 denotes a 
protective film. The sealing material 918 covers the pixel 35 
portion and the driver circuit portion, and the protective 
film 919 covers the sealing material. Note that it is pref- 
erable to use a material that is as transparent or semi- 
transparent as possible with respect to visible light as 
the sealing materia! 918. Further, it is preferable that the "^o 
sealing material 918 be a material through which mois- 
ture and oxygen pass as less as possible. The light emit- 
ting element can be completely shut off from the outside 
by sealing it using the sealing material 918 and the pro- 
tective film 919. Substances from the outside such as 45 
moisture and oxygen, which promote deterioration such 
as oxidation in EL layer can thus be prevented from en- 
tering. In addition, heat generated during driving can be 
radiated when using a film that has thermal conductivity 
(such as an AION film, or an AIN film) as the protective so 
film and a light emitting device having high reliability can 
be obtained. 

[0124] In addition, it is sealed with an opposing sub> 
strate (not shown in the figure) using an adhesive ma- 
terial. There are no particular limitations placed on the 55 
shape of the opposing substrate and the shape of a sup- 
port, and those having a flat surface, those having a 
curved surface, those having flexibility, and those hav- 



ing a film shape may be used. It is preferable that the 
opposing substrate be made of the same material as the 
film substrate 900, for example a plastic substrate, in 
order to withstand deformation due to heat, external 
forces; and the like. 

[0125] Further, although not shown in the figure, cir- 
cular polarizing means, called a circular polarization 
plate and composed of a retardation plate {}J4 plate) or 
a polarization plate, may also be provided on the sub- 
strate 900 in order to prevent the background from being 
reflected therein by reflection from the metallic layers 
used (a cathode and the like, in this case). 
[0126] Note that reference numeral 908 denotes wir- 
ings for transmitting signals input to the source side driv- 
er circuit 901 and the gate side driver circuit 903, and 
video signals and clock signals from an FPC (flexible 
printed circuit) 909, which becomes an external input 
terminal, are received therethrough. Further, the light 
emitting device of this embodiment may adopt digital 
drive and analog drive, and the video signals may be 
digital signals and may be analog signals. Note that, al- 
though only an FPC is shown in the figure, a printed wir- 
ing board (PWB) may also be attached to the FPC. The 
category of the light emitting device defined in this spec- 
ification includes not only the light emitting device main 
body, but also the ones In the form of the FPC and the 
PWB being attached thereto. Further, although it is also 
possible to form a complex integrated circuit (such as a 
memory, a CPU, a controller, or a D/A converter,) on the 
same substrate as the pixel portion and the driver cir- 
cuits, it is difficult to manufacture them by using a small 
number of masks. It is therefore preferable to mount an 
IC chip provided with a memory, CPU, controller. D/A 
controller, and the like by using a COG (chip on glass) 
method, a TAB (tape automated bonding) method, or a 
wire bonding method. 

[0127] An EL module having highly reliable thin film 
transistors with good electrical characteristics can be 
manufactured on a plastic substrate by the above proc- 
esses. Further, an extremely small size, lightweight EL 
module can be manufactured by using a plastic film for 
the plastic substrate. 

[Embodiment 4] 

[0128] An example of manufacturing a liquid crystal 
module formed on a plastic substrate is explained in this 
embodiment. FlGs. 9A and 9B are used in the explana- 
tion. 

[0129] First, a description will be made with reference 
to FIG. 9A. After obtaining the active matrix substrate C 
216 in the state of FIG. 6B in accordance with Embodi- 
ment 1 , an orientation film is formed on the active matrix 
substrate C of FIG. 68 by using a known technique with- 
in a temperature range which the substrate is capable 
of withstanding. An orientation film 617 is then formed 
and a rubbing process is performed, thus manufacturing 
an active matrix substrate D 600. 
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[0130] Note that an element a601 , an element b602, 
an element c603, and an element d604 of FIG. 9A cor- 
respond to the p-channel TFT 195, the n-channel TFT 
196, the pixel TFT 197. and the p-channel TFT 198 of 
FIG. 6B, respectively. Note also that a known technique 
may be used in order to level the surface of the active 
matrix substrate. After forming source electrodes and 
drain electrodes 605 to 612. and wirings (not shown in 
the figures), a second interlayer insulating frim is formed. 
In addition, a second opening portion is formed, and the 
connection wiring 614 and pixel electrodes 615 and 616 
are formed. 

[0131] An opposing substrate 620 Is prepared next. 
Plastics such as PES (polyethylene sulfide), PC (poly- 
carbonate), PET (polyethylene terephthalate), and PEN 
(polyethylene naphthalate) can be used in the opposing 
substrate. Color filters (not shown in the figures), in 
which colored layers and light blocking layers are dis- 
posed corresponding to each pixel, are formed on the 
opposing substrate 620. Further, a light blocking layer 
(not shown in the figures) is also formed in a driver circuit 
portion. A leveling film (not shown in the figures) is 
formed covering the color filters and the light blocking 
layers. An opposing electrode 621 made from a trans- 
parent electrode is formed next on the leveling film, an 
orientation film 622 is formed over the entire opposing 
substrate, and a rubbing process is performed. These 
processes can be performed using known techniques 
within a temperature range which the opposing sub- 
strate Is capable of withstanding. 
[0132] The active matrix substrate D 600, on which a 
pixel portion and driver circuits are formed, and the op- 
posing substrate 620 are next bonded by using a sealing 
materia] 624. A filler is mixed into the sealing material, 
and the two substrates are bonded together with a uni- 
form gap due to the filler. A liquid crystal material 623 is 
then injected between both substrates and then com- 
pletely sealed by using a sealant (not shown In the fig- 
ures). Known liquid crystal materials may be used for 
the liquid crystal material. 

[01 33] If necessary, the active matrix substrate D 600 
and the opposing substrate 620 are sectioned Into de- 
sired shapes. In addition, a polarization plate (not shown 
in the figures) and the like may be suitably formed by 
using known techniques. An FPC (not shown in the fig- 
ures) may also be bonded by using a known technique. 
[0134] Note that plastic substrates having flexibility, 
such as plastic films, can be used for the plastic sub- 
strate 213 and for the opposing substrate 620, provided 
that a structure is employed in which a fixed thickness 
is maintained for the liquid crystal display device. 
[0135] An active matrix liquid crystal module having 
high reliability and good electrical characteristics can 
thus be manufactured. Plastic is used in the substrates, 
and therefore an extremely lightweight liquid crystal 
module can be manufactured. 



[Embodiment 5] 

[01 36] The structure of the thus obtained liquid crystal 
module based on Embodiments 1 and 4 is described 
5 with reference to the top view in FIG. 10. 

[01 37] A pixel portion 704 is placed in the center of an 
active matrix substrate 701. A source signal line driver 
circuit 702 for driving source signal lines is positioned 
above the pixel portion 704. Gate signal line driver cir- 

10 cuits 703 for driving gate signal lines are placed in the 
left and right of the pixel portion 704. Although the gate 
signal line driver circuits 703 are symmetrical with re- 
spect to the pixel portion in this embodiment, the liquid 
crystal module may have only one gate signal line driver 

15 circuit on one side of the pixel portion. A designer can 
choose the arrangement that suits better considering 
the substrate size or the like of the liquid crystal module. 
However, the symmetrical arrangement of the gate sig- 
nal line driver circuits shown in FIG. 10 is preferred in 

20 terms such as operation reliability and driving efficiency 
of the circuit. 

[0138] Signals are inputted to the driver circuits from 
flexible printed circuits (FPC) 705. The FPCs 705 are 
press-fit through an anisotropic conductive film or the 

25 like after opening contact holes in the interiayer insulat- 
ing film and resin film and forming a connection elec- 
trode 309 so as to reach the wiring lines arranged in giv- 
en places of the substrate 701. The connection elec- 
trode is formed of ITO in this embodiment. 

30 [0139] A sealing agent 707 is applied along a perim- 
eter of the substrate In the periphery of the driver circuits 
and the pixel portion. Then, an opposite substrate 706 
is bonded to the substrate 701 while a spacer formed in 
advance on the active matrix substrate keeps the gap 

35 between the two substrates constant. A liquid crystal el- 
ement is injected through a portion that is not coated 
with the sealing agent 707. The substrates are then 
sealed by a sealant 708. The liquid crystal module is 
completed through the above steps. 

40 [01 40] Although ail of the driver circuits are formed on 
the substrate here, several ICs may be used for some 
of the driver circuits. 

[0141] As described above, an active matrix liquid 
crystal module having high reliability, good electrical 
45 characteristics and light in weight can be manufactured. 

[Embodiment 6] 

[0142] An active matrix substrate, a liquid crystal 
50 module and an EL module using the active matrix sub- 
strate, which are shown.in Embodiments 1 to 5, can be 
applied to the display portions of various electronic ap- 
paratuses. 

[0143] Such electronic apparatuses can be given as 
55 a video camera, a digital camera, a projector, a head- 
mounted display (goggle type display), a car navigation 
system, a car stereo, a personal computer, a mobile in- 
formation terminal (such as a mobile computer, a mobile 
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telephone or an electronic book etc.) or the like. Practi- 
cal examples thereof are shown in FIGs. 12 and 13. 
[0144] FIG. 12A shows a personal computer which in- 
cludes a main body 3001, an image input portion 3002, 
a display portion 3003, a keyboard 3004 and the like. A 5 
compact and lightweight personal computer can be 
completed by implementing the present invention. 
[0145] FIG. 12B shows a video camera which in- 
cludes a main body 3101, a display portion 3102, a 
sound input portion 3103. operating switches 3104, a 
battery 3105. an image receiving portion 3106 and the 
like. A compact and lightweight video camera can be 
completed by implementing the present invention. 
[0146] FIG. 12C shows a mobile computer which in- 
cludes a main body 3201, a camera portion 3202. an is 
image receiving portion 3203. an operating switch 3204. 
a display portion 3205 and the like. A compact and light- 
weight mobile computer can be completed by imple- 
menting the present invention. 

[0147] FIG. 12D shows a goggle type display which 20 
includes a main body 3301 , a display portion 3302, arm 
portions 3303 and the like. A compact and lightweight 
goggle type display can be completed by Implementing 
the present invention. 

[0148] FIG. 12E shows a player using a recording me- 25 
dium on which a program is recorded (hereinafter re- 
ferred to as the recording medium), and the player in- 
cludes a main body 3401 . a display portion 3402, speak- 
er portions 3403. a recording medium 3404. operating 
switches 3405 and the like. This player uses a DVD (Dig- 30 
ital Versatile Disc), a CD and the like as the recording 
medium, and enables a user to enjoy music, movies, 
games and the Internet. A compact and lightweight re- 
cording medium can be completed by implementing the 
present invention. 35 
[0149] FIG. 12F shows a digital camera which in- 
cludes a body 3501 . a display portion 3502, an eyepiece 
portion 3503, operating switches 3504, an image receiv- 
ing portion (not shown) and the like. A compact and light- 
weight digital camera can be completed by implement- 40 
ing the present invention. 

[0150] FIG. 13A shows a mobile telephone which in- 
cludes a main body 3901 , a sound output portion 3902, 
a sound input portion 3903. a display portion 3904, op- 
erating switches 3905, an antenna 3906 and the like. A 4S 
compact and lightweight mobile telephone can be com- 
pleted by implementing the present invention. 
[0151] FIG. 13B shows a mobile book (electronic 
book) which includes a main body 4001 . display portions 
4002 and 4003, a storage medium 4004, operating so 
switches 4005, an antenna 4006 and the like. A compact 
and lightweight mobile book can be completed by im- 
plementing the present invention. 
[0152] FIG. 13C shows a display which includes a 
main body 4101 , a support base 41 02. a display portion 55 
4103 and the like. A compact and lightweight display of 
the present invention can be completed by implement- 
ing the present invention. 



[0153] As is apparent from the foregoing description, 
the range of applications of the invention is extremely 
wide, and the invention can be applied to any category 
of electronic apparatuses having semiconductor devic- 
es therein. 

[0154] Effects as shown below can be obtained by im- 
plementing the structure of the present invention. 
[01 55] The object to be peeled of the laminate can be 
transferred from the substrate onto a transfem'ng mem- 
ber, in particular onto a plastic substrate. 
[0156] Further, an object to be peeled having semi- 
conductor elements (such as thin film transistors, organ- 
ic thin film transistors, thin film diodes, photoelectric 
conversion elements, and resistive elements) can be 
transferred onto a transferring member, in particular on- 
to a plastic substrate, in a short time. 
[0157] Further, it is possible to measure the charac- 
teristics of various semiconductor elements, typically 
thin film transistors, after peeling an object to be peeled 
from a substrate and transferring it onto a plastic sub- 
strate. 

[0158] In addition, after transferring an object to be 
peeled onto a plastic substrate, a support formed on the 
object to be peeled Is peeled away, and therefore the 
thickness of a device having the object to be peeled be- 
comes smaller, and miniaturization of the overall device 
can be achieved. The transmittivity of light emitted from 
light emitting elements or a backlight can be increased 
if the device Is a downward emission light emitting de- 
vice or a transmissive liquid crystal display device. 
[01 59] in addition, it is possible to peel an object to be 
peeled from a substrate without damaging a support, 
and the support can be reused. A large reduction in cost 
can therefore be achieved if an expensive material like 
quartz glass, or a rare material is used for the support. 



Claims 

1 . A method of transferring a laminate comprising: 

forming an object to be peeled over a first sul>- 

strate through a peeling layer; 

bonding a support to the object to be peeled 

through a peelable adhesive medium; 

peeling the peeling layer and the object to be 

peeled, and bonding the object to be peeled to 

a first transferring member; and 

peeling the support and the peelable adhesive 

medium from the object to be peeled. 

2. A method of transferring a laminate comprising: 

forming an object to be peeled over a first sub- 
strate through a peeling layer; 
bonding a support to the object to be peeled 
through a peelable adhesive medium; 
peeling the peeling layer and the object to be 
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peeled, and bonding one side of the object to 
be peeled to a first transferring member; and. 
peeling the support and the peelable adhesive 
medium from the object to be peeled, and bond- 
ing another side of the object to be peeled to a s 
second transferring member. 

3. A method of transferring a laminate comprising: 

forming an object to be peeled over a first sub- io 
strate through a peeling layer; 
bonding a support to the object to be peeled 
through a peelable adhesive medium; 
peeling the peeling layer and the object to be 
peeled by physical means, and bonding the ob- is 
ject to be peeled to a first transferring member; 
and 

peeling the support and the peelable adhesive 
medium from the object to be peeled. 

20 

4. A method of transfem'ng a laminate comprising: 

forming an object to be peeled on a first sub- 
strate through a peeling layer; 
bonding a support to the object to be peeled 25 
through a peelable adhesive medium; 
peeling the peeling layer and the object to be 
peeled by physical means, and bonding one 
side of the object to be peeled to a first trans- 
ferring member; and 30 
peeling the support and the peelable adhesive 
medium from the object to be peeled, and bond- 
ing the other side of the object to be peeled to 
a second transferring member. 

35 

5. A method of transferring a laminate according to 
any one of claims 1 to 4, wherein the object to be 
peeled has a semiconductor element comprising at 
least one selected from a thin film transistor, an or- 
ganic thin film transistor, a thin film diode, a photo- 
electric conversion element, and a resistive ele- 
ment. 

6. A method of transferring a laminate according to 
any one of claims 1 to 4. wherein the object to be 45 
peeled has an oxide layer comprising at least one 
selected from silicon oxide or metal oxide, and the 
oxide layer is in contact with contacting the peeling 
layer. 

50 

7. A method of transferring a laminate according to 
any one of claims 1 to 4, wherein the peeling layer 
comprises a metal film containing at least one ele- 
ment selected from titanium, aluminum, tantalum, 
tungsten, molybdenum, copper, chromium, neo- 55 
dymium, iron, nickel, cobalt, ruthenium, rhodium, 
palladium, osmium, and iridium. 



8. A method of transferring a laminate according to 
any one of claims 1 to 4, wherein the peeling layer 
comprises a nitride film containing at least one ele- 
ment selected from titanium, aluminum, tantalum, 
tungsten, molybdenum, copper, chromium, neo- 
dymium, iron, nickel, cobalt, ruthenium, rhodium, 
palladium, osmium, and iridium. 

9. A method of transferring a laminate according to 
any one of claims 1 to 4, wherein an adhesive of the 
peelable adhesive medium comprises an adhesive 
that is peeled by heat. 

10. A method of transferring a laminate according to 
any one of claims 1 to 4. wherein an adhesive of the 
peelable adhesive medium comprises an adhesive 
that is peeled by ultraviolet light. 

11. A method of transfemng a laminate according to 
any one of claims 1 to 4, wherein one adhesive of 
the peelable adhesive medium comprises an adhe- 
sive that is peeled by heat, and another adhesive 
of the peelable adhesive medium comprises an ad- 
hesive that is peeled by ultraviolet light. 

12. A method of transferring a laminate according to 
any one of claims 1 to 4, wherein the first transfer- 
ring member comprises a plastic. 

13. A method of transferring a laminate according to 
any one of claims 2 and 4, wherein the second 
transferring member comprises a plastic. 

14. A method of transferring a laminate according to 
any one of claims 1 to 4, wherein the peelable ad- 
hesive medium comprises a two-sided tape. 

1 5. A method of manufacturing a semiconductor device 
comprising: 

forming an object to be peeled comprising a 

semiconductor element over a first substrate 

through a peeling layer; 

bonding a support to the object to be peeled 

through a peelable adhesive medium; 

peeling the peeling layer and the object to be 

peeled, and bonding the object to be peeled to 

a first transferring member; and 

peeling the support and the peelable adhesive 

medium from the object to be peeled. 

1 6. A method of manufacturing a semiconductor device 
comprising: 

forming an object to be peeled comprising a 
semiconductor element, on a first substrate 
through a peeling layer; 
bonding a support to the object to be peeled 
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through a peeiable adhesive medium; 
peeling the peeling layer and the object to be 
peeled, and bonding one side of the object to 
be peeled to a first transferring member; and 
peeling the support and the peeiable adhesive 5 
medium from the object to be peeled, and bond- 
ing the other side of the object to be peeled to 
a second transferring member. 

1 7. A method of manufacturing a semiconductor device io 
comprising: 

forming an object to be peeled comprising a 
semiconductor element, on a first substrate 
through a peeling layer; is 
bonding a support to the object to be peeled 
through a peeiable adhesive medium; 
peeling the peeling layer and the object to be 
peeled by physical means, and bonding the ob- 
ject to be peeled to a first transferring member; 20 
and 

peeling the support and the peeiable adhesive 
medium from the object to be peeled. 

1 8. A method of manufacturing a semiconductor device 25 
comprising: 

forming an object to be peeled comprising a 
semiconductor element, on a first substrate 
through a peeling layer; 30 
bonding a support to the object to be peeled 
through a peeiable adhesive medium; 
peeling the peeling layer and the object to be 
peeled by physical means, and bonding one 
side of the object to be peeled to a first trans- 35 
ferring member; and 

peeling the support and the peeiable adhesive 
medium from the object to be peeled, and bond- 
ing the other side of the object to be peeled to 
a second transferring member 40 

1 9- A method of manufacturing a semiconductor device 
according to any one of claims 15 to 18, wherein 
the object to be peeled has a semiconductor ele- 
ment comprising at least one selected from a thin 45 
film transistor, an organic thin film transistor, a thin 
film diode, a photoelectric conversion element, and 
a resistive element. 

20. A method of manufacturing a semiconductor device so 
according to any one of claims 15 to 18, wherein 

the object to be peeled has an oxide layer compris- 
ing at least one selected from silicon oxide or metal 
oxide, and the oxide layer is in contact with contact- 
ing the peeling layer. 55 

21 . A method of manufacturing a semiconductor device 
according to any one of claims 15 to 18, wherein 



the peeling layer comprises a metal film containing 
at least one element selected from titanium, alumi- 
num, tantalum, tungsten, molybdenum, copper, 
chromium, neodymium, iron, nickel, cobalt, ruthe- 
nium, rhodium, palladium, osmium, and iridium. 

22. A method of manufacturing a semiconductor device 
according to any one of claims 15 to 18, wherein 
the peeling layer comprises a nitride film containing 
at least one element selected from titanium, alumi- 
num, tantalum, tungsten, molybdenum, copper, 
chromium, neodymium. iron, nickel, cobalt, ruthe- 
nium, rhodium, palladium, osmium, and iridium. 

23. A method of manufacturing a semiconductor device 
according to any one of claims 15 to 1 8, wherein an 
adhesive of the peeiable adhesive medium com- 
prises an adhesive that is peeled by heat. 

24. A method of manufacturing a semiconductor device 
according to any one of claims 1 5 to 18, wherein an 
adhesive of the peeiable adhesive medium com- 
prises an adhesive that is peeled by ultraviolet light. 

25. A method of manufacturing a semiconductor device 
according to any one of claims 15 to 18, wherein 
one adhesive of the peeiable adhesive medium 
comprises an adhesive that is peeled by heat, and 
another adhesive of the peeiable adhesive medium 
comprises an adhesive that is peeled by ultraviolet 
light. 

26. A method of manufacturing a semiconductor device 
according to any one of claims 15 to 18, wherein 
the first transferring member comprises a plastic. 

27. A method of manufacturing a semiconductor device 
according to any one of claims 16 and 18, wherein 
the second transferring member comprises a plastic. 

28. A method of manufacturing a semiconductor device 
according to any one of claims 15 to 18, wherein 
the peeiable adhesive medium comprises a two- 
sided tape. 

29. A method of manufacturing a semiconductor device 
according to any one of claims 15 to 18, wherein 
the semiconductor device is at least one selected 
from the group consisting of a personal computer, 
a video camera, a mobile computer, a goggle-type 
display, a player using a recording medium, a digital 
camera, a mobile telephone, and an electronic 
book. 

30. A method of manufacturing a semiconductor device 
according to any one of claims 15 to 18, wherein 
the peeiable adhesive medium comprises a two- 
sided tape. 
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RG. 1 4A Electrical characteristics of n-channel TFTs 
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